Objective: To evaluate the safety and effectiveness of NOM (non-operative management) in the treatment of blunt liver trauma, following a standardized treatment protocol. Methods: All the hemodynamically stable patients with computed tomography (CT) diagnosis of blunt liver trauma underwent NOM. It included strict clinical and laboratory observation, 48-72h contrast enhanced ultrasonography (CEUS) or CT follow-up, a primary angioembolization in case of admission CT evidence of vascular injuries and a secondary angioembolization in presence of vascular injuries signs at follow-up CEUS. Results: 181 patients (85.4%) [55 (30.4%) women and 126 (69.6%) men, median age 39 (range 14-71)] were included. Of these, 63 patients (34.8%) had grade I, 48 patients (26.5%) grade II, 39 patients (21.5%) grade III, 21 patients (11.6%) grade IV and 10 patients (5.5%) grade V liver injuries. The overall success rate of NOM was 96.7% (175/181). There was not significant difference in the success rate between the patients with different liver injuries grade. Morbidity rate was 7.4% (13/175). Major complications (2 bilomas, 1 liver hematoma and 2 liver abscesses) were successfully treated by CEUS or CT guided drainage. Eighteen (18/181) patients (9.9%) underwent angioembolization with successful results. Conclusion: Non-operative management of blunt liver trauma represents a safe and effective treatment for both minor and severe injuries, achieving an high success rate and an acceptable morbidity rate. The angiographic study with embolization, although required only in selected cases of vascular injuries, represents a fundamental therapeutic option in a significant percentage of patients.
Introduction
T rauma is the first cause of death and a significant cause of morbidity in people younger than 40 years of age in western countries, representing, therefore, a relevant clinical problem [1, 2] . The liver and the spleen, despite relatively shielded by the inferior ribs, represent commonly injured organs during abdominal blunt trauma, accounting for about two-thirds of all visceral injuries [3] [4] [5] [6] . Until three decades ago, the surgical treatment represented the most common therapeutic strategy for blunt trauma of abdominal parenchymatous organs [7] [8] [9] . Gradually, due to the advanced accuracy of diagnostic imaging, the improvement of interventional radiology techniques and the technical progress in intensive care, the conservative approach was encouraged and examined, showing satisfactory results [10] [11] [12] [13] [14] [15] [16] . At present, the nonoperative management (NOM) is the adopted strategy in hemodynamically stable patients with blunt abdominal trauma, representing the mainstay of treatment for minor splenic injuries (grades I-II according to the American Association for the Surgery of Trauma-AAST) [17] , the first-line approach for severe splenic lesions (AAST grades III-V) and the standard of care for both minor and severe liver injuries [17] [18] [19] [20] [21] [22] .
Basing on the encouraging results reported in literature and on our own hospital resources, we developed and adopted, from January 2009, a treatment protocol for hemodynamically stable patients with blunt traumatic injuries of abdominal parenchymatous organs, in order to standardize the non-operative management. The results of this approach in treatment of splenic lesions were previously published [23] . In this study we aimed to evaluate the results of this management strategy in the treatment of blunt liver trauma, focusing on its safety, efficacy and complications.
Materials and Methods

Study Population
From January 2009 to January 2016, all the polytraumatized patients referring to the Emergency Department of the "A. Cardarelli" Hospital in Naples (Italy), were prospectively inserted into a database, including the demographic characteristics (age, gender, mechanism of injury), the Revised Trauma Score (RTS), the Glasgow Coma scale (GCS), the Injuries Severity Score (ISS) [24] and the results of clinical evaluation, diagnostic imaging and treatment strategy. Out of these, all the patients with blunt thoracoabdominal trauma were considered for the enrollment in this study. These last, after clinical evaluation according to the Advanced Trauma Life Support (ATLS ® ), underwent initial instrumental study with FAST (Focused Assessment with Sonography for Trauma) and chest and pelvis x-ray [25] . Then, the hemodynamically stable patients (systolic blood pressure ≥90 mmHg, heart rate <100 bpm) and the hemodynamically stabilized patients (returned to normal vital signs after 1000 ml crystalloid infusion) were investigated with a total body computed tomography (CT) examination [26] [27] [28] [29] [30] .
Basing on the clinical and instrumental evaluation, among all the enrolled patients, were included in this study the adult subjects (14 years or more), with initial hemodynamic stability or good response to 1000 ml crystalloid prompt infusion and CT evidence of AAST I-V grade liver injury. The patients with significant associated hemoperitoneum at CT (defined as intraabdominal blood extended to at least two abdominal quadrants) were also included. All the patients receiving systemic anticoagulation, with diffuse peritonitis and with associated bowel injuries (pneumoperitoneum) or any other concomitant thoracoabdominal lesions requiring surgical procedure, were excluded. All the patients meeting these selection criteria were admitted to the Trauma Center and underwent NOM (Figure 1 ). 
Study Protocol
The treatment protocol, previously described elsewhere [21] , included arterial blood gas measurements every 12 hours, complete blood cell counts every 6 hours (until two stable hemoglobin examinations were obtained), an early contrast enhanced ultrasound (CEUS) or CT follow-up (48-72 hours after injury), a primary angioembolization in case of admission CT diagnosis of vascular injuries (contrast extravasation, pseudoaneurysm, arteriovenous fistula formation, vessel truncation), a secondary angioembolization in presence of active bleeding at follow-up CEUS or CT and a second look angiography in case of persistent falling of hematic hemoglobin level despite the primary or the secondary embolization. Failure of NOM was defined as the need of surgical abdominal exploration for hemodynamic instability, progressive fall of hemoglobin level despite two angioembolizations, clinical signs of diffuse peritonitis, missed abdominal injuries requiring surgery. NOM was considered successful when the patient was discharged without undergoing any abdominal surgical procedure. This study was not supported by any commercial company and had the approval of the institutional review board and of the ethical committee of our Institution; all the patients gave their informed written consent to take part in the study.
Statistical Analysis
Statistical analysis was carried out using the program InStat Graph-Pad Prism ® 5 (San Diego, California, USA). Values are expressed as means±standard deviation (SD) or medians (range), according with distribution of data. Continuous data were compared between each group using the Mann-Whitney U-test. Prevalence data were compared between groups using the Fisher's exact test. A probability value of less than 0.05 was considered significant.
Results
Study Population
Among all the patients with blunt trauma observed during the study period, 212 were admitted with diagnosis of liver injury. Of these, 31 patients (14.6%) underwent operative management. The indications for surgery were the presence of persisting hemodynamic instability despite fluid therapy in 64.5% (20/31), diffuse peritonitis in 22.5% (7/31) and coexisting thoracoabdominal injuries requiring surgical procedure in 12.9% (4/31) of cases. Among the hemodynamically unstable patients, 7 (35%) were under systemic anticoagulation therapy and among the patients with diffuse peritonitis and hemoperitoneum, 4 (57.1%) had chronic liver disease. Out of patients with blunt liver trauma, 181 (85.4%) [55 (30.4%) women and 126 (69.6%) men, median age 39 (range 14-71)] satisfied selection criteria, were included in the study and constituted the object of analysis. The demographic characteristics and trauma severity of the included patients are showed in Table 1 didn't show vascular injuries signs on admission CT and underwent, according with study protocol, observation with serial clinical, radiological and laboratory examination. Out of these, 1 patient (1/177=0.56%) with grade IV injuries showed, during hospitalization, progressive fall of hemoglobin level and liver active bleeding at follow-up CEUS; consequently, he underwent selective embolization of hepatic artery branches, with successful results. Eleven patients (11/176=6.2%) showed follow-up sonographic or CT findings of contained vascular injuries represented, in 7 cases, by isolated peripheral hepatic artery pseudoaneurysms and in 4 cases by pseudoaneurisms associated with arteriovenous fistulas. All these patients underwent angiography and were successfully treated with embolization. The non-operative management failed in 6 cases (6/176=3.4%). The indications for surgery were diffuse peritonitis due to bile peritoneal irritation in 2 patients, diffuse peritonitis due to concomitant small bowel injury in 1 patient, intra-abdominal hypertension in 1 patient and concomitant splenic injuries requiring delayed surgery in 2 patients. Six patients (6/181=3.3%) [1 with grade III, 3 grade IV, and 2 grade V injuries (mean injury grade=4.2±0.83)] showed admission CT findings of vascular injuries and underwent primary angioembolization. The indications for embolization were pseudoaneurysm and active bleeding in 33.3% (2/6) and 66.6% (4/6) of cases, respectively. No NOM failure was observed in this patients group. The overall success rate of NOM was 96.7% (175/181). There was not significant difference in the success rate between the patients with different liver injuries grade: particularly, the success rate ranged from 100% (63/63) in patients with grade I to 90% (9/10) The overall median hospital stay was 11 days (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . No mortality was observed. The median followup period in the included patients was 24 months (6-36). In the patients successfully treated with NOM the morbidity rate was 7.4% (13/175). Minor complications included 3 cases of pleural effusions, 3 cases of endobronchitis and 2 cases of bladder catheter-related bacteremia. Major complications were all liver related and included 2 cases of biloma, 1 case of liver hematoma and 2 cases of liver abscesses. These complications were successfully treated by ultrasound (US) or CT guided drainage and did not require surgery. All the patients with major complications showed severe liver injuries (AAST grades III-V).
Discussion
During the last century, the surgical strategy has been widely adopted for the treatment of abdominal parenchimatous organs injuries, whereas from the '80s, the standard of care for blunt liver and splenic trauma in hemodynamically stable patients, gradually shifted from operative to non-operative management. The surgical treatment, previously considered mandatory, remains, to date, still indicated in unstable patients not responder to fluid resuscitation and in case of failure of NOM [31] [32] [33] . Although we employed for many years the non-operative management for treatment of blunt abdominal trauma, we recently adopted a standardized treatment protocol for the management of splenic and liver injuries in hemodynamically stable patients, developed on the base of existing literature, our experience and our own hospital resources.
This approach included strict clinical and laboratoristic observations, early CEUS followup [27] , a primary angioembolization in case of admission CT diagnosis of vascular injuries and a secondary angioembolization in presence of vascular injuries signs at follow-up CEUS. Recently, we evaluated the effect of this approach on the outcome of patients with blunt splenic lesions, showing no mortality or major complications, a 95% success rate and a considerable impact of interventional radiology since more than a quarter of patients needed angioembolization [23] .
In this study we reported the results of this management strategy in the treatment of minor and severe blunt liver trauma. Our data show, first of all, that the non-operative management, performed according with our protocol, represents an effective treatment option for blunt liver trauma. Indeed the overall success rate was higher than 96% and among the cases of unsuccessful NOM, 50% was related to Fisher's exact test; NOM: Non-operative management concomitant bowel and splenic lesions and only 33% was due to liver related causes. According with other Authors [15, 34] , although the success rate was lower in the subjects with high grade injury, no significant difference in this parameter was found between patients with different injury grade, suggesting that, in hemodynamically stable patients the nonoperative management could be a feasible strategy both in minor and in high grade blunt liver trauma, achieving high success rate even in treatment of severe liver injuries.
Interestingly, a recent retrospective study showed that, using an established treatment protocol for non-operative management of severe hepatic injuries, encouraging results can be achieved even in hemodinamically unstable patients [35] . However, the role of NOM in unstable patients with blunt liver trauma is still questionable and further researches with larger series and prospective design are needed to clarify this issue. Based on our results, the conservative approach represented a safe management strategy with a low morbidity rate. Major complications included 2 cases of biloma, 1 case of liver hematoma and 2 cases of liver abscesses, they did not require surgery and were successfully treated by US or CT guided drainage. Compared to our experience with splenic trauma [23] , the indication for angiography and angioembolization was less frequent in our series. Indeed, 3.3% of patients underwent a primary embolization for evidence of pseudo-aneurysm and active bleeding at admission CT and 6.6% of patients underwent a secondary embolization for the presence of liver active bleeding signs or contained vascular lesions (isolated pseudoaneurisms or associated with arteriovenous fistulas) at follow-up CEUS or CT. Overall, in our study, the indication to angiography and subsequent embolization occurred in 9.9% of the included patients.
According with some Authors [36] and in contrast with others [37] , our results seem to suggest that embolization, although required only in selected cases of vascular lesions, represents a pivotal diagnostic and therapeutic tool in a significant number of patients with blunt liver injuries.
However, the onset of vascular injuries in patients with blunt liver trauma was less frequent than in patients with blunt splenic trauma [23] . Although the reasons of this are not clear, it can be argued that one of them may lie in the different friability between the hepatic and splenic parenchima that may result in a different incidence of vascular lesions. In subjects with blunt liver trauma, the angiographic study with embolization, although showing a minor impact if compared with splenic lesions, represents a fundamental therapeutic option in a significant percentage of patients with associated contained vascular injuries. This study is a prospective observational study and the main limitation is represented by the absence of a control group to compare the effectiveness of our treatment protocol with other therapeutic approaches. Moreover, in this study, only patients with hemodynamic stability were included. The future research perspectives may be focused on the evaluation of safety and efficacy of an established treatment protocol for nonoperative management of severe liver injuries both in hemodynamically stable and hemodynamically unstable patients.
In conclusion, the non-operative management of blunt hepatic trauma, according to our protocol, represents a safe and effective therapeutic approach for both minor and severe injuries, achieving an high success rate even in treatment of high-grade liver lesions and showing a low and acceptable morbidity rate.
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